horns) (Fig. 1) . In contrast, at thoracic and lumbar levels at E12.5, we find Shh expression only 188 in MFP, LFP*, and LFP (Fig. 1) . Based on numbers of nLacZ+ cells present at E12.5 we 189 estimate that about 57% of Shh production occurs by MFP, 30% by the collective LFP and 13%
190
by MNs at brachial levels while about 50% of Shh production occurs each by MFP and LFP at 191 thoracic and lumbar levels (Fig. 1B) . The onset of Shh expression in these tissues is sequential
192
and overlaps with both MN and OPC production (Fig. 1C) is qualitatively similar to brachial levels at E12.5 (Fig. S2A) . By E14.5 medial motor column
196
(MMC) MNs at all spinal segments begin to express Shh (Fig. S1A) (Fig. S1C) .
200
To investigate the role of Shh signaling from these Shh sources onto the pMN domain,
201
we generated a series of mouse lines with conditional and in part overlapping ablation of Shh. 
Olig2Shh
-/-resp. LFP* recombination was ~77% and ~94% for NestinShh -/-and Olig2Shh -/-resp.
217
( Fig. 1D, E, H) . Cre efficiency in MNs was about 80% in ChATShh -/-and NestinShh -/-mutants,
218
and 98% for Olig2Shh -/-( Fig. 1F and 1G ). The location of Shh expression and the varied degrees 219 of ablation of Shh at E12.5 are schematically summarized in Fig. 1J .
220
Using a conditional reporter allele ( Fig. 2A) , we find that Olig2-Cre but not Nestin-Cre is anterior-posterior progressive decrease of 40% at brachial, 51% at thoracic, and 59% at lumbar 293 segments ( Fig. 4B and 4C) . The most severely affected genotype is Olig2Shh -/-with a decrease in 294 pMNOlig2 + cells of 66% at brachial, 61% at thoracic, and 72% at lumbar ( Fig. 4B and 4C ).
295
We next associated the degree of reduction in the numbers of pMNOlig2 + cells at brachial , and NestinShh -/- (Fig. 4F) at thoracic levels while the ablation of Shh from MNs has no effect on the numbers of pMNOlig2
cells at thoracic levels (Fig. 4F, red line) impoverished of pMNOlig2 + cells at the beginning of oligodendrogenesis (Fig. 4) suggesting overall progenitor proliferation is not affected in mutants (Fig. 6A) . Within the pMN 348 domain we observe a ~25% decrease in the numbers of pMNOlig2 + cells in Shh C/C controls over 349 the course of OPC production from E12.5 to E14.5 (Fig. 6B) contrast, in Olig2Shh -/-we find the rate of proliferation to be reduced to 37% at E12.5 and E13.5,
355
followed by a further decrease to 16% by E14.5 (Fig. 6C) white matter (WM) areas (Fig. S6) . These results reveal that the yield of the pMN domain during
372
OPC production largely determines the numbers of OPCs that settle in white and grey matter.
373
Thus the scaled production of OPCs and oligodendrocyte along the anterior posterior extent of 374 the spinal cord must at least in part be determined by the patterned expression of VZDShh that we 375 find to be critical for the maintenance of the pMNOlig2+ precursor population. results in an almost 26% reduction in the size of the pMNOlig2 + population (Fig. 3.2B) . The (Fig. 3) . Lumbar spinal cord sections from E12.5-E14.5 were binned into 6 zones excluding the ventricular zone, and numbers of Olig2 cells in each zone were quantified. Means ± SEM are shown. Shh C/C (n = 3-4 embryos), Olig2Shh -/-(n = 3 embryos). Means ± SEM are shown. Data were analyzed by Student's t test. * p < 0.05, * * p<0.01. Scale bars, 50 μm.
